Introduction
Hemophagocytic lymphohistiocytosis (HLH), a potentially fatal condition that is often under recognised contributing to its high mortality and morbidity. Early recognition is crucial for any efforts at curative therapy. Although HLH is now being increasingly detected in clinical practice due to improved understanding on the part of physicians, pathologists and microbiologists; still much work remains to raise awareness, explore treatment options and improve outcome of this complex condition. We report a case of dengue associated HLH who had a successful outcome following timely diagnosis and appropriate intervention.
Case report
A 65 year old otherwise fit and well gentleman from eastern region of India presented in October 2015 with fever for three days and vomiting and pain abdomen for a day. Significant findings on examination were fever of 38. 3 C, epigastric and right hypochondriac tenderness and dullness over lung bases. Routine laboratory parameters revealed hemoglobin 10 ) and low platelet count (55000 mm
À3
; RV: 150000-400000 mm
).There were significant derangements of the biochemical parameters as well. Liver enzymes were elevated, AST 239 U/L (RV: 10-42 U/L) and ALT 241U/L (RV: 10-40 U/L). Serum amylase and lipase levels were high 305 U/L; (RV: 25-125 U/L) and 465U/L; (RV: 22-51 U/L) respectively. Serum ferritin level done at day 2 of admission was 75031 ng/ml (RV: 30-400 ng/ml) (Fig. 1) .Serum procalcitonin level at admission was 2 ng/dl (RV: <0.5 ng/ml) which was indicative of bacterial sepsis. Serum triglyceride and plasma fibrinogen levels were within normal range. The platelet count dropped to 45,000 mm À3 on day three of admission with coffee ground vomiting. The patient subsequently received two units of single donor platelet. Ultrasound imaging showed mild splenomegaly (measured length13 cm), minimal free fluid in abdomen and edematous pancreas and bilateral pleural effusion. Chest X-ray showed pneumonitic changes in both lung fields.
Work up of locally common infectious causes were done including urine and blood cultures, Epstein Barr Virus (EBV) Viral Despite supportive therapy he remained unwell with spikes of temperature, worsening abdominal pain and progressive bi-basal crepitations. Laboratory investigations showed persistent leukopenia, thrombocytopenia and rising aminotransferases. A bone marrow aspiration and trephine biopsy was done for further evaluation on day 4 of admission triggered by high ferritin and bicytopenia. Bone marrow study showed normocellular reactive marrow with evidence of macrophage activation and hemophagocytosis (Fig. 2) . A dengue serology on day 6 of fever was positive for IgM antibodies by capture ELISA (Index 5.71, RV: Index < 1.1; Panbio Dengue IgM Capture Elisa, Standard Diagnostics, Korea) but negative for IgG antibodies establishing the diagnosis of primary dengue infection with secondary HLH. Following the diagnosis of HLH, the patient was given intravenous immunoglobulin (400 mg/ kg/day for 5 days) starting on day 5 of hospitalisation in view of associated pancreatitis and chest infection. The patient continued to be febrile (T max 38.3 C) till day 8 of admission. He improved over the next few days, became afebrile and was discharged after 13 days in the hospital. At the time of discharge his blood counts and biochemical parameters had recovered to almost normal levels.
Discussion
HLH is a disease with major therapeutic and diagnostic difficulties. The diagnosis HLH was based on five criteria (fever, splenomegaly, bicytopenia, hypertriglyceridemia and/or hypofibrinogenemia, and hemophagocytosis) [1] . In 2004 three additional criteria were introduced by the Histiocyte Society; low or absent NK-cell-activity, hyperferritinemia, and high-soluble interleukin-2-receptor levels [2] . Five of these eight criteria must be fulfilled for a diagnosis of HLH. The NK cell activity and soluble IL2 receptor quantitation tests are not done in routine clinical practice since they require sending samples out to specialized centers and hence usefulness of these tests in day to day practice is limited. This patient fulfilled five of the eight criteria -splenomegaly, bicytopenia (decr fever, splenomegaly, bicytopenia (decrease in platelets and leucocytes) hyperferritinemia and presence of haemophagocytes in the bone marrow and accordingly was diagnosed as a case of secondary HLH.
HLH may be primary (familial) and secondary. In recent years there is an increased incidence of this disease probably because of better diagnostic abilities of clinicians. Secondary HLH develop due over activation of immune system. Secondary HLH has been associated with a variety of viral, bacterial, fungal and parasitic infections as well as collagen vascular diseases and malignancies particularly T-cell lymphomas [3] . The term reactive HLH has been suggested when HLH is associated with an identifiable infectious or non-infectious etiology to distinguish it from the familial form. Infection has been found to be associated with HLH in half of all reported cases [4] .
Phagocytosis of blood cells and their precursors is a hallmark of hemophagocytic syndromes. Hemophagocytosis is achieved mostly by monocytes and macrophages. Excessive activation of monocytes in HLH is due to stimulation by high levels of activating cytokines. It has been recognized that high levels of cytokines like interferon-g, soluble interleukin-2 receptor, tumor necrosis factor (TNF-a), interleukin-1 and Interleukin-6 by T helper cells result in stimulation of macrophages leading to the cascade of events [3] .
About one third of secondary HLH are triggered by viral infections. Several viral infections have been reported to trigger HLH, EBV infection being the most notorious.EBV triggered HLH has been widely reported and studied.Other viruses which are known to trigger HLH include Herpesviridae, Poxviridae, Flaviviridae, Orthomyxoviridae, Paramyxoviridae and Retroviridae [5] .
Dengue is endemic in more than 100 countries in Southeast Asia, Latin America, Western Pacific, Africa and Eastern Mediterranean regions.It is estimated that 390 million people suffer from dengue infections every year of which 96 million have clinical manifestation [6] . Dengue outbreaks occur in Eastern India every 3 to 4 years [7] . Given the fact that large numbers of people are affected by dengue every year, it is likely that number of dengue triggered HLH are also high and the spate of recent reports describing dengue induced HLH are testimony to this fact [8] [9] [10] [11] [12] . A mild disease in majority of cases, less than 2% of dengue patients present with severe manifestations, dengue haemorrhagic fever (DHF) and dengue shock syndrome (DSS), both conditions are associated with considerable mortality and morbidity. Though dengue associated HLH was first reported in 1966 and until this writing only 45 cases have been reported in literature [13] . It is likely that the diagnosis of dengue induced HLH is missed as clinicians tend to focus on the underlying infection rather than the overwhelming cytokine production. HLH is a potentially life threatening disorder and several cases reports show dengue induced HLH can be fatal [11, 13, 14] . The pathophysiology of severe dengue (DHF, DSS) is not always well understood and it is now being increasingly believed that macrophage activation may play a role in some cases of severe dengue. It is fairly well established that cross protection among the four dengue serotypes is limited and secondary infection by a different serotype may predispose to DHF and DSS. However DHF and DSS occur in first episode dengue infections also and we believe HLH may have a role in these cases. A literature review of existing cases of dengue associated HLH showed that dengue induced HLH have been reported more often in first episode infections and only a few cases of second episode dengue triggered HLH have been documented [12] .
The aim of management of infection associated HLH is to treat the underlying infection that triggered it. Most cases of HLH also need to be treated upfront with standard protocols. Regarding treatment of dengue associated HLH, review of the existing literature showed that few cases have recovered spontaneously with supportive treatment only [11, 15, 16] . However, in majority of the cases pulse dosage of methylprednisolone or dexamethasone have been used to suppress the hyperinflammatory state. Intravenous immunoglobulin G has been used in few cases either alone or with dexamethasone or methylprednisolone. Raju et al. reported successful use of intravenous immunoglobulin G in nineteen children suffering from dengue related HLH [16] . Srichaikul et al. [13] , Tan et al. [9] and Wan et al. [11] have reported treating three adult patients successfully with combination of intravenous immunoglobulin G and dexamethasone or methylprednisolone. In the present case high dose steroids was not considered because of associated pancreatitis and concurrent sepsis as the patient had high procalcitonin at presentation and evidence of chest infection in X ray. Our patient of severe dengue with evidence of plasma leak had an uneventful recovery following prompt diagnosis of HLH (on day 7 of fever and 4 of hospitalization) and early institution of specific therapy. The treatment of dengue induced HLH by intravenous immunoglobulin G seems to be associated with a favorable outcome as this case report and similar other cases reported in the literature seem to suggest [8, 16] . Secondary HLH and severe sepsis, systemic inflammatory response syndrome (SIRS), multiple organ dysfunction syndrome (MODS) share clinical and laboratory inflammatory phenotypes and therefore it is important to distinguish these conditions as therapeutic options are radically different. Progressive pancytopenia along with presence of hemophagocytes in the bone marrow helped in establishing the diagnosis of HLH in this patient.
This case report aims to generate awareness about dengue induced HLH and the importance of a high clinical suspicion for early detection thereby facilitating successful treatment. Dengue affects thousands of people worldwide every year and hence may be life saving to detect HLH in patients suffering from dengue. In dengue patients with persistent low counts and multi-organ dysfunction, the possibility of HLH should be kept in mind particularly in first episode dengue infections. The diagnosis is usually challenging, as it can be easily mistaken with other clinical situations, such as sepsis or other systemic inflammatory response syndromes (SIRS). Elevated ferritin levels > 10,000 mg/L has been demonstrated to be 90% sensitive and 96% specific for HLH and should be used as screening tool for early detection of HLH, triggering further investigations [5] . This report adds to the limited adult cases of dengue-associated hemophagocytic syndrome described in the literature and stresses the need to work up patients with severe dengue for possibility of HLH.
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